Background
==========

Patients with symptoms of acute myocardial infarction (AMI) or unstable angina pectoris (UA), i.e. an acute coronary syndrome (ACS), are very common in emergency departments (EDs). Because of diagnostic difficulties, a certain \"overadmission\" to in-hospital care for suspected ACS is usually accepted. The size of this overadmission is generally unknown, despite its negative influence on hospital efficiency and resource utilization. In order to reduce unnecessary admission, to optimize disposition of admitted patients and to decrease cost, chest pain units (CPUs) with risk-based diagnostic protocols have been established in many hospitals, primarily in the United States \[[@B1],[@B2]\]. These CPUs have been shown to increase the efficiency of patient evaluation with a quality similar to that of traditional EDs \[[@B3],[@B4]\].

For hospitals with traditional EDs, the benefits of establishing a CPU depend on the quality and outcome of current management, and on patient volume and risk spectrum. Such data are relatively rare, but have been reported from the 1980\'s from Gothenburg, Sweden \[[@B5],[@B6]\], and from the mid-1990\'s from hospitals in the United States \[[@B7],[@B8]\]. The quality of traditional patient management is constantly improving however, with therapeutic and diagnostic advances such as new antithrombotic drugs \[[@B9]\], ECG decision support software, remote ECG analysis \[[@B10]\], and the use of new combinations of blood tests for myocardial injury \[[@B11],[@B12]\]. With generally improved cardiac care, the patient and risk spectrum in the ED are likely also continuously changing. Therefore, in order to plan and implement improved diagnostic strategies in suspected ACS, new and current data are clearly needed.

This study aimed to analyze current characteristics, disposition and outcome of patients with suspected ACS in a traditional ED, and to explore the basis for establishing a CPU. We will report that almost three out of every four patients hospitalized with suspected ACS did not have it, and that some four out of every ten admitted patients could, given perfect immediate diagnostics, have been treated as outpatients.

Methods
=======

Study design
------------

Consecutive patients presenting with symptoms compatible with an ACS were prospectively included during 10 days from September 26 to October 6, 2000. To reflect the true clinical spectrum of patients, a slightly modified version of the IMIR study criteria \[[@B13]\] was used for inclusion. Thus, all patients presenting with chest pain or discomfort, dyspnea without obvious pulmonary disease, acute heart failure, arrhythmia of possible ischemic origin and suspected cardiac syncope were included. Informed consent was obtained from all study patients.

Study setting and population
----------------------------

Lund University Hospital is a 1200 bed institution with fully public financing that serves a population of some 250,000, has a cardiac intensive care unit (CICU) with 19 beds and an intermediate care ward (ICW) with ECG monitoring at 16 beds. Problems with high bed occupancy have been common in recent years. Both balloon angioplasty (PTCA) and coronary bypass surgery (CABG) are offered 24 hours/day, and ECGs are regularly transmitted from ambulances to the CICU to start thrombolysis or to prepare for direct PTCA on arrival. A traditional ED is in operation with approximately 50 patients per day with problems related to internal medicine. There is no chest pain unit and no systematic diagnostic protocol for patients with suspected ACS. The Siemens Megacart ECG recorders (Siemens-Elema, Solna, Sweden) have the latest Siemens GRI decision support software installed. Serum CKMB mass and Troponin T tests are used for detection of myocardial injury and are available 24 hours.

Study protocol
--------------

Inclusion was performed by the primary assessing nurse and retrospectively reevaluated by one of the investigators (UE). Risk factors and previous cardiovascular disease were noted on a standard form. Data missing on the forms were collected via patient records or, if ambiguous, via telephone interviews with the patients. To be able to compare initial assessment and outcome, physicians on duty were asked to assign each patient to one of four risk categories based on the suspicion of ACS (modified from \[[@B5]\]) after history and physical examination, but before blood tests:

*I. Obvious AMI.* Typical symptoms and ST-elevation with or without Q-waves on the ECG, or LBBB not known to be old.

*II. Strong suspicion of ACS. a.* Typical symptoms without ST-elevation or Q-wave. *b.* Atypical symptoms with ST-T changes or LBBB not previously observed. *c.* History of unstable angina regardless of ECG. *d.* Acute heart failure or hypotension regardless of ECG. *e.* VT/VF or AV-block III.

*III. Vague suspicion of ACS.* Unclear symptoms and history, normal or non-ischemic ECG.

*IV. No suspicion of ACS. a.* No suspicion of ischemic heart disease. *b*. Stable angina pectoris.

Eligibility for a potential CPU was estimated among low to moderate risk patients (see Results) with the following commonly used \[[@B3]\] exclusion criteria: tachy- (\>110 bpm) or brady-arrhythmia (\<40 bpm) of any sort, bilateral rales above lung bases (as a sign of heart failure), and inability to perform our standard bicycle ergometry stress test on the basis of muscle, joint or motor nerve problems.

Measurements
------------

Patient characteristics in the forms of presenting symptoms, risk factors and cardiovascular history were recorded, as well as the physician\'s immediate risk estimate, the patient\'s primary in-hospital bed assignment and the discharge diagnosis. In the immediately discharged, hospitalizations for ACS within 6 months, cardiac ischemic events (AMI and revascularisation) and mortality were monitored by reviewing medical records and by telephone calls to each patient. A diagnosis of AMI was made at a CKMB serum level \> 10 μg/l or a Troponin T serum level \> 0.06 μg/l in the absence of renal failure, and a typical rise and fall pattern on serial blood testing. Both analyses were performed with sandwich immunoassays using double monoclonal antibodies. For the results to reflect the quality of everyday medical service, there was no retrospective review of discharge diagnoses or risk classification, unless obviously wrong.

Data analysis and statistics
----------------------------

In the final analysis, less than 5% of all data were missing. Data are presented as means ± SEM. For statistical comparison, Student\'s t-test was used except when stated otherwise. Differences were considered significant at P \< 0.05.

Results
=======

One hundred and fifty-seven patients with chest pain or other symptoms suggestive of ACS were included during the study period, making up 33% of all those presenting at the ED with internal medicine problems. The included women (n = 90) were on average slightly older than the men (n = 67), 64.4 ± 2.1 vs. 58.1 ± 2.1 years (p = 0.04). Symptoms, risk factors and cardiovascular history are given in table [1](#T1){ref-type="table"}. Eighty percent had chest pain or discomfort, 61% had ongoing symptoms in the ED, 42% and 32% had previously established ischemic heart disease in the forms of angina pectoris and AMI respectively, and one out of four had a previous PTCA or CABG. Overweight (body mass index \>25) was equally common in men and women (34%).

###### 

Characteristics of 157 consecutive patients with suspected ACS in the ED of Lund University Hospital and comparison with previous surveys in Gothenburg \[[@B5]\] and the USA \[[@B7]\].

  ----------------------------------------------------------------------------------------------------------------------------------------------------------
                                                                         ***%***   ***Karlson et al. 1991, n = 7157***   ***Pope et al. 1998, n = 10700***
  ------------------------------------- -------------------------------- --------- ------------------------------------- -----------------------------------
  ***Pain/discomfort, localisation***   *Chest pain/discomfort*          80        93\*                                  76

                                        *Left arm*                       34                                              

                                        *Pain/discomfort elsewhere*      30                                              

                                        *Pain/discomfort in ED*          61                                              

                                        *Other reason for inclusion*     20\                                             

  ***Risk factors***                    *Family history of IHD*          46                                              

                                        *Diabetes*                       12        8                                     21\*

                                        *Smoking*                        17        33\*                                  

                                        *Treated hypercholesterolemia*   28                                              

                                        *Overweight (BMI\>25)*           34                                              

                                        *Hypertension*                   32        24\*\                                 

  ***Cardiovascular history***          *Angina Pectoris*                42        39                                    37

                                        *Myocardial infarction*          32        24\*                                  26

                                        *CABG/PTCA*                      25                                              

                                        *Intermittent claudication*      5                                               

                                        *Stroke*                         8                                               

                                        *Heart failure*                  12        18\*                                  
  ----------------------------------------------------------------------------------------------------------------------------------------------------------

\*P \< 0.05 compared with the present data (z-test).

Physicians\' risk estimates after history, physical examination and ECG, and admittance rates are shown in table [2](#T2){ref-type="table"}. At that point in time, a suspicion of ACS remained in 50% of the patients. The higher the judged risk of ACS, the older the average patient.

###### 

Risk classification of patients after initial history, physical examination and ECG, but before blood samples. Modified after \[[@B6]\].

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  ***Risk categories***     ***n***                                                                                               ***% of all***   ***Age (yrs)***   ***% admitted***   ***% of men***   ***% of women***   
  ------------------------- ----------------------------------------------------------------------------------------------------- ---------------- ----------------- ------------------ ---------------- ------------------ ------
  I.                        ***Obvious AMI***                                                                                     6                4                 78.7 ± 3.8         100              6                  1\*

                            Typical symptoms and ST-elevation with or without Q-waves on the ECG, or LBBB not known to be old.\                                                                                             

  II\.                      ***Strong suspicion of ACS***                                                                         26               17                68.6 ± 2.2         100              13                 22

                            a\) Typical symptoms without ST-elevation or Q-wave                                                                                                                                             

                            b\) Atypical symptoms with STT changes or LBBB not known to be old                                                                                                                              

                            c\) History of unstable angina regardless of ECG                                                                                                                                                

                            d\) Acute heart failure or hypotension regardless of ECG                                                                                                                                        

                            e\) VT/VF or AV-block III\                                                                                                                                                                      

  III\.                     ***Vague suspicion of ACS***                                                                          46               29                63.7 ± 2.2         70               27                 33

                            Unclear symptoms and history, normal or nonischemic ECG.\                                                                                                                                       

  IV\.                      ***No suspicion of ACS***                                                                             79               50                55.0 ± 2.5         13               54                 43\*

                            a\) No suspicion of ischemic heart disease                                                                                                                                                      

                            b\) Stable angina pectoris                                                                                                                                                                      \

  *All included patients*   *157*                                                                                                 *100*            *60.8 ± 1.5*      *47*               *100*            *100*              
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ACS, Acute coronary syndrome; LBBB, Left bundle branch block; VT/VF, ventricular tachycardia/fibrillation. \*P \< 0.05 compared to men.

Forty-seven percent of all included patients were admitted, 43% of the men and 53% of the women (n.s.). Primary in-hospital destinations, PTCA rates within 30 days and diagnoses at discharge in the different risk categories are shown in table [3](#T3){ref-type="table"}. In those admitted, there were no significant differences in the discharge diagnoses between men and women. Average time to discharge was 3.5 ± 0.4 days (median 2.0 days), and in categories I-IV hospital stays were 7.0 ± 1.4, 4.2 ± 0.8, 2.4 ± 0.4 and 3.0 ± 0.9 days, respectively.

###### 

Primary in-hospital destinations, PTCA interventions within 30 days of presentation and discharge diagnoses for the 74 admitted patients.

  ***Risk category***   ***Admitted***   ***Primary in-hospital destination (%)***   **PTCA (%)**   **Discharge diagnoses (%)**                                                            
  --------------------- ---------------- ------------------------------------------- -------------- ----------------------------- ------- ----- ----- ------- ------- ------ ------ ------ -------
  **I**                 6                **-**                                       17             83                            *100*   17    67    33      \-      \-     \-     \-     *100*
  **II**                26               **-**                                       67             33                            *100*   30    \-    11      26      22     22     19     *100*
  **III**               32               3                                           81             16                            *100*   2     \-    6       6       9      34     44     *100*
  **IV**                10               50                                          50             \-                            *100*   0     \-    **-**   **-**   10     40     50     *100*
  ***All***             *74*             *7*                                         *68*           *25*                          *100*   *6*   *5*   *9*     *12*    *13*   *28*   *32*   *100*

W, general ward; ICW, intermediate care ward; CICU, cardiac intensive care unit; PTCA, ballon angioplasty; QMI, Q-wave myocardial infarction; NQMI, non-Q-wave MI; UA, unstable angina pectoris; AP, stable angina pectoris; CP NUD, chest pain, unspecific.

Patients with ACS as the discharge diagnose
-------------------------------------------

Of the 74 patients admitted, only 19 (26%) were diagnosed with an AMI or UA, i.e. an ACS (table [3](#T3){ref-type="table"}). Of these, 4 had Q-wave AMI, 7 non-Q-wave AMI (NQMI) and 8 UA. In risk categories I-III, ACS rates among the admitted patients were 100%, 37% and 12% respectively (table [3](#T3){ref-type="table"}). Of those admitted to the CICU (n = 18), the ICW (n = 51) and a regular ward (n = 5), 79%, 8% and 20% had ACS, respectively. There was no in-hospital mortality. A total of 10 patients underwent coronary angiography and 9 PTCA (table [3](#T3){ref-type="table"}) within 30 days of presentation, most of them from risk category II. The PTCA rate within 30 days was 43% in the patients with NQMI or UA; FRISC II criteria \[[@B14]\] for early revascularisation in unstable coronary disease were generally used.

Patients without ACS as the discharge diagnose
----------------------------------------------

Fifty-five patients (40%) of 138 without ACS were admitted. Of these 55, 17 patients were from risk category II, 28 from category III, and 10 (= all admitted) patients from category IV. Compared with the 19 patients with ACS, the patients without ACS were younger, 59.3 ± 1.7 vs. 70.8 ± 2.8 years (P \< 0.05). In risk categories II and III, however, patients with and without ACS were of similar age: 67.4 ± 3.2 vs. 65.1 ± 1.9 years (n.s.). Surprisingly, at presentation 38% of all patients without ACS had pain in the left arm and only 6% of the patients with ACS (P = 0.01, z-test). In fact, in categories II and III no patients with ACS (n = 14) had left arm pain vs. 49% in those without ACS (n = 59; P \< 0.01, z-test). Apart from this, there was no difference between patients with and without ACS regarding presenting symptoms, risk factors or history of cardiovascular disease or diabetes.

Of the 55 patients who were admitted and did not have ACS, at least 20 (37%) did not have any other condition or diagnosis requiring admission. These \"overadmitted\" patients could thus, with perfect immediate diagnostics available, have been immediately discharged from the ED and managed in an outpatient setting.

Patients discharged from the emergency department
-------------------------------------------------

Eighty-three patients were immediately discharged, all of them from risk categories III and IV. These patients were significantly younger than those admitted, 54.7 ± 2.3 vs. 67.4 ± 1.7 years (p \< 0.001), more seldom had previous angina pectoris (30% vs. 54%, P \< 0.01, z-test) or had a history of CABG or PTCA (16% vs. 33%, P \< 0.05, z-test). No significant difference as to presenting symptoms between admitted and discharged patients was observed. During a 6 month follow-up, none were hospitalized with UA or AMI and only patient died; from lung cancer. One patient underwent a CABG planned from before the index visit.

Eligibility for a possible chest pain unit
------------------------------------------

Nine patients in category II had a normal or definitely non-ischemic ECGs at presentation, and only one of them had an ACS (UA). These 9 patients, together with all 32 admitted patients in risk category III were reviewed for CPU eligibility. At presentation, 8 (20%) of these 41 patients had tachy- or brady-arrhythmia, 2 (5%) had rales to indicate heart failure and 9 (22%) were unable to perform our standard bicycle stress test, and were therefore considered unsuitable for a CPU. A total of 29 patients (71%) did not meet any of these exclusion criteria and would thus be eligible for a CPU.

Discussion
==========

The present survey includes data from 157 consecutive patients presenting at the ED of Lund University Hospital during ten days. Patient characteristics, ED physicians\' estimates of risk of ACS, primary destinations in the hospital and discharge diagnoses are reported. Corresponding data from Sahlgrenska Hospital in Gothenburg, Sweden \[[@B5],[@B6]\], and from several hospitals in the United States \[[@B7],[@B8]\] have previously been reported. Judging by the number of patients with direct chest pain (80%), the inclusion criteria in this study was likely broader than in the Gothenburg study \[[@B5]\] but similar to those in the more recent American study \[[@B7]\]. Accordingly, the ACS rate among those admitted seemed higher in Gothenburg, probably being about 30--40%, than in the United States (23%) and in the present investigation (26%). Also, more patients seemed to develop an AMI in Gothenburg (at least 20%) than in the present (15%) and the American study (12%), which also perhaps could be explained by the use of older and less specific markers of myocardial injury (serum aspartate aminotransferase and creatine kinase), and/or an improved in-hospital therapy for unstable angina since the Gothenburg study.

The physicians\' initial suspicion of ACS seemed to be a good predictor of patient outcome, although the number of observations were small (table [3](#T3){ref-type="table"}). As in previous investigations \[[@B6],[@B7]\], only a small fraction (26%) of those admitted were diagnosed with ACS. For instance, of those admitted to the ICW, only four patients in 51 (8%) had ACS. In risk categories II and III, 63% and 88% of the admitted patients did not have ACS (table [3](#T3){ref-type="table"}). In some cases however, hospitalization might have prevented the development of ACS. For instance, patients in risk risk category II were often treated with aspirin, betablockers, low molecular weight heparin and sometimes also clopidogrel. A surprising finding was that in risk categories II and III no patients with ACS had pain in the left arm compared to 49% in the patients without ACS. We do not have a good explanation for this. The observation challenges prevailing clinical wisdom \[[@B15],[@B16]\] and clearly needs to be confirmed in a larger study.

In further concert with previous surveys \[[@B6],[@B7]\], a large proportion of patients were considered to be at very low risk and were immediately discharged. The discharge rate in the present study (53%) was higher than in Gothenburg and USA (34% in both, P \< 0.001, z-test). Most immediate dismissals were correct, since among these patients there were no cardiac events at 6 months. Previous data \[[@B17],[@B18]\] indicate that 2(-5)% of all patients with AMI, and more with UA, are erroneously being sent home from the ED, which would here correspond to one or two patients of the 83 discharged.

To decrease unnecessary admissions, erroneous discharge and overall cost, dedicated chest pain units (CPUs) have been established in many EDs, principally in the United States \[[@B1],[@B2]\]. Randomized controlled trials on the value of these centers are so far very few \[[@B19]-[@B21]\], but the body of evidence indicates \[[@B3],[@B4]\] that CPUs can introduce more effective patient management with a quality similar to that in traditional EDs. Cost savings have been reported per evaluated patient \[[@B3]\], but not yet at the hospital level. In the CPUs, patients typically undergo serial blood samples for markers of myocardial injury \[[@B22]\], serial or continuous ECG \[[@B23],[@B24]\], echocardiography \[[@B25],[@B26]\], exercise testing \[[@B27]\] and/or myocardial perfusion imaging \[[@B28]\], according to local practice. Focus in CPUs has been on the evaluation of low to moderate risk patients with a non-diagnostic ECG \[[@B29],[@B30]\], which in the present study would probably correspond to all admitted patients in category III and perhaps the 9 patients in category II with normal ECGs. With commonly used exclusion criteria (Methods), almost 3/4 of these patients would be eligible for a CPU, corresponding to about 3 patients per 24 h. The number of patients suitable for a CPU can obviously vary with patient spectrum: In an inner-city ED in Chicago \[[@B31]\], only about 1/4 of the low-risk patients were considered eligible for a CPU protocol, albeit with the use of somewhat stricter exclusion criteria than here. For instance, 42% were unsuitable for a CPU because of inability to perform a stress test, compared to 22% in the present investigation.

Even if some of the exclusion criteria would be modified in the present analysis, the number of patients would seem to be at the lower end of what is required for a cost-effective CPU. On the other hand, the current high occupancy and the high false admission rate in the ICW definitely favors the introduction of systematic risk-based accelerated diagnostic protocols in our ED. An attractive option might therefore be to supplement our conventional ED strategy with risk stratification algorithms \[[@B8],[@B32]\] and selected investigations such as provocative testing or radionuclide perfusion imaging. In our ED, using the Goldman risk prediction algorithm \[[@B32]\] would clearly decrease CICU admissions since many of these patients did not meet the Goldman criteria for coronary care unit care: Clearly ischemic ECG and at least two of the following: Acute heart failure, hypotension or symptoms of unstable ischemic heart disease. Regarding perfusion imaging, a review of the patients in the present study suggested that in risk categories II and III, between one and two ED patients would be suitable for myocardial scintigraphy per 24 h, using the inclusion criteria normal ECG, ongoing symptoms, no previous MI and planned admission solely for suspected ACS. If image results would be as expected from the observed clinical courses, almost 8 out of 10 investigated would have had negative images and be candidates for discharge from the ED; The negative predictive value of myocardial perfusion imaging can be expected to be close to 100% in this patient population \[[@B33]\]. Theoretically, about 15 inpatient days could then be saved during the observation period. Yet another possibility to improve ED efficiency may be to have a general practitioner in the ED to evaluate patients considered to be at very low risk of ACS by e.g. the attending nurse. Patients with very low risk were frequent in the present survey: eighty-seven percent of the patients in risk category IV, corresponding to almost 7 patients per day, were sent home from the ED with no evidence of cardiac events at 6 months.

Limitations and future questions
--------------------------------

The present investigation includes a limited number of patients at a single hospital ED, and the results may thus not apply to other hospitals. On the other hand, consecutive patients were analyzed and few data were missing and the conclusions may therefore be reasonably valid for other hospitals of the same type. Other limitations of the present study were that seasonal variation in patient presentation was not considered, and that no serum markers of myocardial injury or ECGs were obtained after discharge. Hence, some cardiac events could have been missed in the follow-up. Whatever the case, the main results and conclusions of this investigation refer to in-patient care and outcome.

Future studies should among other things compare modern conventional ED management supplemented by risk prediction algorithms and/or selected investigations such as exercise stress testing \[[@B27]\] and myocardial perfusion imaging \[[@B28]\], with the CPU concept strategy. It may well be that improved conventional care will decrease or even eliminate the benefits of establishing dedicated chest pain units.

Conclusions
===========

This survey indicates that despite some diagnostic advances in the ED, a large majority of patients hospitalized for suspected ACS from an ED in Sweden do not have it, and that at least 4 out of 10 of these patients can be considered \"overadmitted\". A comparison with older studies suggests that there has been little, if any, improvement over time. With the introduction of new and systematic risk-based diagnostic protocols, many of the now admitted patients could most likely be treated as outpatients, and a few of the admitted could probably get earlier adequate intervention. In the type of ED described in the present study, patient numbers may be too small to establish a CPU. As an alternative, traditional ED diagnostics may be supplemented with risk prediction algorithms and selected special investigations, such as myocardial scintigraphy. This type of strategy and the CPU concept care need to be compared in randomized investigations.
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